Summary
Introduction
Although considerable work has been done involving swine crossbreeding, studies involving postweaning performance and carcass traits are limited. Most of the previous investigations were designed to evaluate heterosis and they provided little information regarding maternal influence or specific combining ability of reciprocal crosses. Paniet al. (1963) noted that Landrace x Poland China crossbred pigs were 4.1 kg heavier at 154 days of age than pigs produced by the reciprocal mating, but the difference was not significant. More recently Bereskin, Shelby and Hazel (1971) reported significant heterosis for carcass backfat, percent ham and percent ham and loin and considerable maternal variance for most carcass traits in crosses involving Durocs and Yorkshires.
The present paper provides information on carcass traits, growth rate and feed utilization of purebred and reciprocal crosses involving the Duroc, Hampshire and Yorkshire breeds. The objective of the study was to evaluate the purebred performance and' the combining ability of the three breeds of swine.
Materials and Methods
Data were obtained from the first phase of the Oklahoma swine crossbreeding project being conducted at the Ft. Reno Experiment Station. In this phase purebred Durocs, Hampshires and Yorkshires were mated in all combinations to produce purebred and 2-breed cross pigs. Foundation herds of the three breeds are maintained at the Experimental Swine Farm at Stillwater. Foundation Duroc and Yorkshire herds were assembled in 1969 by sampling boars and gilts from several purebred herds of these breeds. The Hampshire herd was formed by purchasing boars from several sources and mating them to females 18 JOURNAL OF ANIMAL SCIENCE, vol. 37, no. 1, 1973 from the existing OK14 purebred research herd. Each year new boars are introduced into each herd in order to maintain a broad genetic base. Each foundation herd consists of about five boars and 30 sows and is maintained on a twice-a-year farrowing system. Replacement gilts and boars are selected primarily on growth rate, probe backfat thickness and soundness.
The present study includes 941 purebred and crossbred barrows and gilts produced in 180 litters (approximately 20 of each of the nine breeding groups) at Ft. Reno in the spring and fall farrowing seasons of 1971. Each season litters were produced by mating each of approximately six boars of each breed to two gilts of each breed. Purebred litters of each breed were also produced in the same seasons at Stillwater. Since there were fewer pigs raised in the purebred litters than in crossbred litters in the project, numbers on test were increased by transferring 294 purebred pigs (91 in the spring and 203 in the fall) farrowed at Stillwater to Ft. Reno. These pigs were of comparable breeding to those farrowed at Ft. Reno and were transferred at weaning and allotted to test with the Ft. Reno pigs. Data for growth rate and backfat thickness of gilts includes only the Ft. Reno born pigs while the feed records include all pigs. Forty Stillwater born pigs are also included in the 190 barrows which made up the random sample of barrows evaluated for carcass traits. Since the performance records for the purebreds from Stillwater were not significantly different from those of the same breeding farrowed at Ft. Reno, including these pigs in the feed efficiency and carcass analyses should not bias the results. The number of observations for the various traits by breed group is shown in table 1. The pigs were farrowed in confinement and weaned at 42 days of age. Pigs were given free access to creep feed at 21 days of age. Two weeks after weaning, the pigs were moved to the confinement finishing floor and allotted by breeding group in groups of about 15 pigs per pen. The pigs were given a 1-week adjustment period before being weighed on test. The pigs were self-fed a 16% protein milosoybean meal ration from 9 weeks of age to 100 kg live weight. They were weighed off test weekly at which time all gilts were probed for backfat thickness. A sample of 10 to i2 barrows of each breeding group was randomly selected each season to be slaughtered and evaluated for carcass merit. About 10 barrows were slaughtered per week. Slaughter barrows were transported to the Oklahoma State University Meat Laboratory and held off feed and water for approximately 24 hr. prior to slaughter.
The feedlot performance traits investigated were average daily gain from the first day on test to 100 kg live weight, age at 100 kg, probe backfat thickness of gilts at 100 kg, pen feed efficiency measured in terms of kilograms gained per kilogram feed consumed and pen average daily kilograms of feed consumed per pig. Actual off test weights and ages were adjusted to a 100 kg live weight basis with an additive adjustment factor of 0.907 kg gain per day (conversion factors approved by National Association of Swine Records, January i, 1970). Probed backfat thickness of the gilts was measured approximately 4 cm from the midline at the area of the first rib, last rib and last lumbar vertebra and the average of the three probes was used. The average probe was adjusted to a 100 kg basis with an adjustment factor of 0.0224 cm per kilogram live weight.
Carcass measurements included length from the anterior edge of the aitch bone to the forward edge of the first rib, the average of three backfat measurements taken down the midline in the same area as probe backfat and loin eye area measured between the 10th and l lth ribs. Carcass length, backfat thickness and loin eye area were adjusted to a 100 kg basis with additive adjustment factors of 0.14 cm, 0.0224 cm and 0.213 cm 2 per kilogram, respectively. Carcass lean yield was measured by the weight of closely trimmed hams, loins and shoulders and is expressed as a total lean cut weight. Total lean cut weight, expressed as a percent of chilled carcass weight, was also analyzed. Marbling, firmness and color of the longissimus muscle were evaluated at the 10th rib. All scoring in each season was done by the same person. A scale of 1 to 7 was used for each trait with a score of 1 indicating a loin devoid of marbling, very soft and pale in color. A score of 7 indicates loins abundant in marbling, very firm and very dark colored.
Data were analyzed by the least squares procedures for disproportionate subclasses described by Harvey (1960) . The model for all traits included the effects of season, breed of sire, breed of dam and their interactions. Sex was added to the model for analysis of average daily gain on test and age at 100 kg; however, the interaction of sex with the other effects in the model was assumed negligible. In the analysis of total lean cut weight and percent lean of carcass weight the partial regression of slaughter weight was added to the model. Comparisons among breed groups were made by various linear functions of least squares means. More comparisons were made than there were independent degrees of freedom; therefore, all comparisons are not independent and the error rate over all comparisons is somewhat different than indicated by the levels of significance.
Because of the purebred pigs transferred from Stillwater to Ft. Reno and the method of sampling breeding groups for slaughter barrows, there were several cases where a sire had only one barrow in the slaughter sample. As a result, to add the effect of sire within breed of sire to the model would have made for difficult analyses so it was decided to ignore this effect. It would be expected that ignoring thiseffect would have its largest influence on tests of significance for the more highly heritable carcass traits. However, Bereskin et al. (1971) JOHNSON, OMTVEDT AND WALTERS reported the effect of boars within breed of sire to be a nonsignificant source of variation for all carcass traits except loin eye area and percent ham and loin. In their analyses, ignoring the effect of sires within breed of sire would have had little influence on probability levels associated with tests of significance for other effects.
The average initial weight on test of pigs per pen ranged from 14.4 to 32.3 kg with a mean of 21.6 kilograms. In a preliminary analysis of these data, pen feed efficiency was regressed on the mean pen weight on test. This regression coefficient was almost zero, was nonsignificant and gave no evidence for including initial weight on test in the model for analysis of feed efficiency.
Results and Discussion

Analyses of Variance. Analyses of variance
for feedlot traits and carcass traits are presented in tables 2 and 3, respectively. The effect of season was significant for all measures of feedlot performance and several carcass traits. On the average, pigs evaluated from spring-born litters gained faster and more efficiently than those from fall-born litters. Spring-born barrows had less total yield of lean cuts and somewhat higher quality scores, and the gilts and barrows farrowed in the spring had more probe backfat and carcass backfat than those born in the fall.
The effect of sex was highly significant for average daily gain and age at 100 kg as gilts gained 0.052 kg less per day and were 6.4 days older at 100 kg live weight than barrows.
Mean squares for breed of sire and breed of dam were significant for most traits. Significant breed of sire effects suggest genetic differ- For most measures of feedlot performance the breed of dam mean square was considerably larger than the breed of sire mean square 9 This would suggest a difference in the average maternal effect of the three breeds for these traits. For most carcass traits the breed of sire mean square was considerably larger than the breed of dam mean square. Perhaps this suggests a negative covariance between direct and maternal genetic effects. Cox and Willham (1962) have shown maternal effects in swine to be important for growth rate. Ahlschwede and Robison (1971a, b) found maternal effects were large for weight at 140 days of age and for backfat thickness at 72.7 kg in Durocs and Yorkshires and also reported large negative genetic correlations between direct and maternal effects for both traits. However, there is little information available on the relationship between direct and maternal genetic effects for most carcass traits. In contrast to the present study Bereskin et al. (1971) reported significant breed of dam effects for all carcass traits in a study involving crosses between Durocs and Yorkshires; however, breed of sire effects were significant only for carcass length. These workers concluded there was a large average difference in the maternal effect on carcass traits between these breeds 9 Evidence for considerable non-additive genetic variance for growth rate, backfat thickness and quality scores is shown by a significant breed of sire by breed of dam interaction. This reflects the importance of heterosis for these traits and will be discussed in greater detail when specific comparisons are presented.
The interaction of season by breed of sire was significant only for average daily gain. In the spring season the average daily gain for pigs produced by Duroc, Hampshire and Yorkshire sires was 0.709, 0.713 and 0.691 kg per day, respectively. In the fall season pigs produced by Duroc, Hampshire and Yorkshire sires gained 0.718, 0.700 and 0.697 kg per day, respectively 9 The lack of season by breed of sire interaction for other traits is interpreted to mean that the average differences in breeding value for each trait between the sires of the three breeds was approximately the same each season.
Season by breed of dam interaction effects were significant for average daily gain and for several carcass traits. Pigs born to Duroc dams gained 0.03 kg per day faster in the spring than in the fall, while pigs born to Hampshire and Yorkshire dams gained the same in each season.
With the exception of loin eye area, the interactions for carcass traits were due to the change in magnitude of the difference between the breed of dam means for the two seasons and not a change in rank. In general, barrows produced by Yorkshire dams in the fall were superior in terms of carcass measurements but had lower carcass quality scores than springborn barrows from Yorkshire dams. The loins from the barrows from Duroc dams ranked the highest in the spring, but they ranked the lowest among the fall carcasses.
Compared to the other breeds, the Yorkshire in the spring had a higher percentage of slow gaining, unthrifty pigs; consequently, these were seldom used in the slaughter sample. This could contribute to the season by breed of dam interactions obtained for carcass traits, however, more data are needed to assess the importance of these interactions.
Season by breed of sire by breed of dam effects were significant for growth rate, daily feed intake, probe backfat and loin eye area, suggesting a different amount of heterosis for spring-born and fall-born pigs. For all these traits except probe backfat and loin eye area the sign of the heterosis for all crosses was the same in each season and differed only in magnitude.
On the average, crossbred pigs had less probe backfat and larger loin eye areas than purebreds in the spring; while in the fall, the reverse was true. Crossbred pigs gained fasterand consumed more feed than purebreds in both seasons; however, the difference between crossbreds and purebreds was greater in the spring than in the fall.
In general the differences between purebreds and between the reciprocal crosses for these traits were approximately the same each season. For this reason, the comparisons presented in the following section between purebreds, reciprocal differences and crossbred averages appear to be free of these interactions and these results may be applied to pigs born in either the spring or fall seasons. Thus these interaction effects mean that the amount of heterosis expressed for these traits differed among the various crosses in the two seasons. Whether these differences are real or not is difficult to determine. Kuhlers, Chapman and First (1972) found more significant interactions of purebred vs. crossbred by year than expected by chance alone for carcass traits, but this was not true for measures of performance. There appeared to be no obvious reasons for this interaction in the present study; however, those factors discussed above which may have contributed to season by breed of dam interaction may also have contributed to the three way interactions.
Least Squares Mean Comparisons. All comparisons among means found in tables 4 and 5 are the differences between means averaged over seasons. For all traits for which the interactions were discussed above, except probe backfat of gilts and loin eye area, the heterosis should be interpreted simply as the average heterosis over two seasons where it differed in amount each season but was in the same direction. Because the heterosis for probe backfat thickness and loin eye area differed in sign in the two seasons, little can be said regarding these two traits. This study will be repeated beginning in the spring of 1973 which will give additional information.
Feedlot Per]ormance and Probe Back]at o] Gilts.
The least squares means for the nine breeding groups and specific comparisons among these means for feedlot performance and probe backfat thickness are presented in table 4.
Although purebred Durocs tended to gain faster and to reach 100 kg live weight faster than purebred Hampshires and Yorkshires, none of the differences between purebreds was significant except for age at 100 kg between Durocs and Hampshires. Durocs also had significantly more probe backfat than Hampshires and Yorkshires, while Yorkshire purebreds were significantly more efficient feed converters than I)urocs or Hampshires and consumed less feed per day than both other breeds. This difference was significant only between Durocs and Yorkshires. Similar differences in growth rate between purebreds of these three breeds have previously been reported (Bruner and Swiger, 1968; Hale and Southwell, 1967; Quijandria, Woodard and Robison, 1970) . However, the last two studies cited reported Durocs also gained weight more efficiently than the other two breeds; while in the present study, the Yorkshire was the most efficient pure breed.
There was significant heterosis expressed for average daily gain and age at 100 kg for all crosses with the amount of heterosis being very uniform for each specific cross. On the average, crossbreds gained 0.067 kg more per day and reached 100 kg 9.9 days sooner than purebreds. Duroc-Hampshire crossbreds had 0.13 cm less probe backfat and consumed 0.18 kg more feed per day than the average of purebred Durocs and Hampshires and on the average crossbreds also consumed 0.13 kg more feed per day than purebreds. No other differences between crossbreds and purebreds for feedlot performance were significant. In general crossbreds gain faster than purebreds (Carroll and Roberts, 1942; Gregory and Dickerson, 1952; England and Winters, 1953; Gaines and Hazel, 1957; Smith, Moorman and McLaren, 1960) . The average advantage of crossbreds in rate of gain of 0.067 kg per day is somewhat higher than the difference of 0.05 and 0.04 kg per day reported by Whatley, Wilson and Omtvedt (1960) and Kuhlers et al. ( 19 72) , respectively.
In agreement with this study, Whatley et al. 1960) and Kuhlers et al. (1972) also reported a nonsignificant tendency for crossbreds to be more efficient in feed conversion than purebreds. However, in contrast to this study, Kuhlers et al. (1972) reported little difference in average daily feed consumption between crossbreds and purebreds. 9 * P--~.01.
There was little difference between reciprocal crosses involving Durocs and Hampshires. However, Yorkshire females when mated to a boar of another breed produced pigs that were superior to the reciprocal cross for all measures of feedlot performance except age at 100 kg in crosses involving Durocs and Yorkshires. In crosses involving Durocs and Yorkshires only differences in probe backfat thickness and gain/feed between reciprocals were significant; however, all reciprocal differences involving Hampshires were significant. This suggests a favorable maternal influence of Yorkshire females for these traits as compared to Duroc and Hampshire females when mated to a boar of another breed. Gaines and Hazel (1957) also reported significant differences between reciprocal crosses. Pigs produced by mating Poland China boars to Landrace sows were far superior in growth rate to those pro-duced from Landrace boars on Poland China SOWS. In comparisons among the crossbreds (average of reciprocal crosses), crosses involving Yorkshires were significantly more efficient feed converters and consumed less feed per day than crosses among Durocs and Hampshires. When Durocs were involved in the cross, the pigs tended to grow faster and to have more probe backfat than when Durocs were not used in the cross. The differences of 0.15 cm in backfat and 0.019 kg per day in growth rate between Duroc-Yorkshire and Hampshire-Yorkshire were the only significant differences. Perhaps some caution should be used in interpreting these results since relatively small numbers of sires per breed are represented. Additional sires are needed before more definite conclusions can be made.
Carcass Traits. The least squares breeding group means and the specific comparisons among them for carcass traits are presented in table 5. All means for total yield of lean cuts and percent lean cuts of live weight are adjusted to the overall mean slaughter weight of 95.2 kilograms. The regression coefficients for yield of lean and percent lean cuts were 0.293--+0.051 kg and --.00114___0.00066% per kilogram live weight, respectively.
Rather large differences in carcass traits among the pure breeds are evident. Durocs were shorter than Hampshires and Yorkshires; however, Hampshires had less carcass backfat than Durocs and Yorkshires and exceeded them in loin eye area, total yield of lean cuts and percent lean cuts of live weight. There was little difference between purebred Durocs and Yorkshlres for these traits. These differences among carcass traits of the three pure breeds agree very closely with reports in the literature (Hale and Southwell, 1967; Bruner and Swiger, 1968; Quijandria et al., 1970) .
Each of the quality scores of marbling, firmness and color ranked in the order of Durocs, Yorkshires and Hampshires. Differences between Dnrocs and Hampshires were significant for all three traits while the differences between Durocs and Yorkshires were significant for marbling and firmness scores. Yorkshires also had significantly higher firmness and color scores than Hampshires. Breed differences for quality scores are quite similar to those reported by Jensen, Craig and Robison (1967) . J'udge et al. (1959) and Otto (1962) also reported significant breed differences for meat color.
In general there was little evidence for heterosis for carcass measurements or amount of lean. Duroc-Yorkshire crosses were significantly longer than the average of the breeds that made up the cross, while the difference was significant for both carcass backfat and percent lean cuts of carcass weight for the Hampshire-Yorkshire crosses. The average of all crossbreds was quite well predicted by the average of the purebreds. Early work by Whatley et al. (1960) and Gregory and Dickerson (1952) revealed little difference between crossbred and purebred performance for most carcass traits. However, Bereskln et al. (1971) reported purebred Duroc and Yorkshire groups averaged 0.23 cm less backfat, 0.4% more ham and 0.28% more ham and loin than means of the reciprocal crossbred groups. Although not significantly so, purebred groups also had slightly shorter carcasses and smaller loin eye areas than means of crossbred groups. Differences between crossbred and purebred averages in the present study were in the same direction but not significantly different. All crosses involving Durocs resulted in rather large positive heterosis for marbling and firmness scores; however, there was significant negative heterosis for these traits in Hampshire-Yorkshire crosses. There was considerable variation among crosses in the amount of heterosis expressed for color score; however, the difference between crossbreds and purebreds was significant only in the HampshireYorkshire cross.
These data tend to support the conclusion that there is little heterosis for carcass traits as the average crossbred performance for most traits is predicted quite well by the average of the purebreds which made up the cross. There appears to be considerable heterosis expressed for carcass quality; however, the amount and direction seems to be dependent on the specific cross involved.
As with the feedlot traits, the carcass differences between reciprocal crosses involving Durocs and Hampshires were not significant for any trait; however, Yorkshire females, when crossed, produced barrows with carcasses superior to those produced by Duroc and Hampshire females when crossed. Several of the differences involving Durocs and Yorkshires were significant while all differences involving Hampshires and Yorkshires were significant. Reciprocal cross differences involving Durocs and Yorkshires are very similar to those reported by Bereskin et al. (1971) and support their conclusion that there is a rather large maternal influence for carcass traits.
